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白 SIT2 共调控，9 个与环带蛋白 CinY2 共调控，8 个与细胞壁蛋白 Fru1 共调控。 





3）初步探索了与硅转运基因 SIT2 共调控的预测基因 3 的功能，通过干扰其
同源基因在三角褐指藻中的表达，硅吸收受到了明显影响。结果使其基因表达水





















    Diatoms represent one of the predominant types of eukaryotic unicellular 
microalgae in aquatic environments, and they play a major role in the global cycling 
of carbon and silicon. These organisms require uptake of silicic acid from the 
environment to synthesize their siliceous cell walls. Diatoms are consequently the 
most significant contributors to the formation of biosilica in the oceans, producing an 
estimated of 240×10
12
 mol per year. As this characteristic is unique to these 
organisms, the mechanism involved in metabolism in diatoms has garnered significant 
research interest in recent decades. Recently, some proteins related to bio-silification 
have been revealed. However, most of these detected proteins were extracted from the 
siliceous cell wall structure and so are unlikely to represent all of the components 
involved in cell wall synthesis. Considering the complexity of the biological process 
related to cell wall synthesis, the exploration of additional candidate proteins or genes 
that are closely associated with the cell wall synthesis process is an urgent need. 
   In the study, several potential genes without function annotation were suggested to 
be potentially associated with bio-silification based on the transcriptomics data, 
protein structural characteristic, gene expression and transgenic verification in the 
marine diatom Thalassiosira pseudonana. The detailed results as following： 
1) 19 candidate genes without function annotation (named as predicted gene 1-19) 
were detected to be potentiallyrelated to cell wall synthesis based on their gens 
expressions patterns in transcriptomics and structural characteristics.  
2) Real-time PCR results have verified that genes expression models of predicted 
genes 1-19 have a significant relationship with silicon metabolism during 
synchronization process. 
3) The gene silencing system by RNA-mediated interference (RNAi) was 
developed in the diatom Phacodactylum tricornutum in this study. The homologous 
gene of predicted gene 3 that is coregulated with silicon transporter gene SIT2 was 















accompany with cells growth have been suppressed obviously via suppressing its 
homologous gene expression in P.tricornutum by RNAi. Based on these result, we 
speculate predicted gene 3 may play an important role in silicon absorption.  
4) The availability of a genetic transformation system for the diatom P. 
tricornutum in this study would facilitate studies designed to elucidate the basic 
function of other candidate genes. 
Key words: Thalassiosira pseudonana; bio-silification; RNAi; Phacodactylum 

























QPCR: Real-time Quantitative PCR Detecting System 
SITs: 硅酸转运蛋白（silicon transporters，proteins） 
SITs: 硅酸转运子-基因（silicon transporters，genes） 
CinY2:环带蛋白 Y2 
SiL3: Silaffin 蛋白 3 
FRU1: Frustulins 蛋白 1 
SDV: 硅沉积小泡（silica deposition vesicle） 
STV: 硅转运小泡（silicon transport vesicle） 
RNAi：RNA 干扰 
RPKM：每百万 reads 中来自于某基因每千碱基长度的 reads 数（Reads Per Kilo 
bases per Million reads） 















第一章 前 言 
硅藻是一类广泛分布于水体中的光合自养真核单细胞藻类，在全球碳和硅循









CaCO3 和 SiO2 的细胞壁。近一个世纪以来，硅藻细胞壁的形态结构一直作为分
类的重要依据，已知的上万种硅藻，每种都能形成其特定的结构纹路的硅质细胞
























图 1.1 硅藻细胞壁结构[5] 






二氧化硅生物矿化最早发现于约 5.5 亿年前的六放海绵类（hexactinellid 
sponges）中[4]，而硅藻二氧化硅的合成起源要远晚于六放海绵类，最古老的硅藻






































真核生物细胞周期通常由以下四个时期构成：S 期—DNA 合成时期；G2 期
—间隔时期；M 期—细胞分裂发生，子细胞分离；G1 期—细胞进一步生长扩增
的间隔期。硅藻细胞同样也具有典型的 G1，S，G2 期，但在 M 期时，两个子细
胞仍然连在一起没有分离（图 1.2）。利用流式细胞仪测定细胞的 DNA 含量也
无法区分 G2 和 M 期细胞，因此，在硅藻细胞中采用 G2+M 期来描述这个阶段[14]。
在 G2+M 期，两个子细胞的壳面都是在 SDV（silica deposition vesicle）中合成[15]，
然后通过胞吐作用将 SDV 排出细胞质体，用来合成新的细胞壁。 
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